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Ultra High Energy Cosmic Rays from Cosmological Relics.
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INFN, Laboratori Nazionali del Gran Sasso, I–67010 Assergi (AQ), Italy and Institute for Nuclear
Research, Moscow, Russia
Ultra High Energy Cosmic Rays (UHECR) can be a signal from very early (post-infationary) Universe. At
this cosmological epoch Topological Defects (TD) and long lived superheavy (SH) particles are expected to be
naturally and effectively produced. Both of these relics can produce now the particles, such as protons and
photons, with energies in a great excess of what is observed in UHECR, E ∼ 1010 − 1011 GeV . The Topological
Defects as the UHECR sources are critically reviewed and cosmic necklaces and monopolonia are identified as
most plausible sources. The relic superheavy particles and monopolonia are shown to be clustering in the halo of
our Galaxy and their decays produce UHECR without GZK cutoff. The observational signatures of both models
are discussed.
1. Introduction
The observation of cosmic ray particles with en-
ergies higher than 1011 GeV [1,2] gives a serious
challenge to the known mechanisms of accelera-
tion. The shock acceleration in different astro-
physical objects typically gives maximal energy
of accelerated protons less than (1−3) ·1010 GeV
[3]. The unipolar induction can provide the max-
imal energy 1 · 1011 GeV only for the extreme
values of the parameters [4]. Much attention has
recently been given to acceleration by ultrarela-
tivistic shocks [5],[6]. The particles here can gain
a tremendous increase in energy, equal to Γ2, at
a single reflection, where Γ is the Lorentz factor
of the shock. However, it is known (see e.g. the
simulation for pulsar relativistic wind in [7]) that
particles entering the shock region are captured
there or at least have a small probability to escape
(see discussion relevant for UHECR in ref.[8]
Topological defects (for a review see [9]) can
naturally produce particles of ultrahigh energies
(UHE). The pioneering observation of this possi-
bility was made by Hill, Schramm andWalker [10]
(for a general analysis of TD as UHE CR sources
see [11] and for a review [12]).
In many cases TD become unstable and de-
compose to constituent fields, superheavy gauge
and Higgs bosons (X-particles), which then de-
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cay producing UHECR. It could happen, for ex-
ample, when two segments of ordinary string, or
monopole and antimonopole touch each other,
when electrical current in superconducting string
reaches the critical value and in some other cases.
In most cases the problem with UHECR from
TD is not the maximal energy, but the fluxes.
One very general reason for the low fluxes con-
sists in the large distance between TD. A dimen-
sion scale for this distance is the Hubble distance
H−1
0
. However, in some rather exceptional cases
this scale is multiplied to a small dimensionless
value r. If a distance between TD is larger than
UHE proton attenuation length (due to the GZK
effect [13]), then the UHE flux has an exponential
cutoff.
The other general restriction to the flux of
UHECR comes from the observed by EGRET ex-
tragalactic flux of gamma-ray radiation at ener-
gies between 10 MeV and 100 GeV . UHE par-
ticles such as photons and electrons produce e-m
cascade in the Universe, colliding with photons
of background radiation (most notably microwave
and radio background). Low energy part of this
cascade extends down to the EGRET measure-
ments. The cascade flux is below the EGRET
limit if the energy density of the cascade photons
ωcas < 2 · 10
−6 eV/cm3. On the other hand ωcas
can be readily evaluated for TD from the total en-
ergy release assuming that half of it transferred to
e-m cascade. Since, on the other hand the same
2energy release determines the UHECR flux, the
latter is limited by the value of ωcas given above.
Relic SH particles have important property
of clusterization in the Galactic halo and thus
UHECR produced at their decays do not have
the GZK cutoff [14]. The same property have
monopolonium [15]. The relic SH particles pro-
duce UHECR due to their decays. Their life-
time must be larger (or much larger) than the
age of the Universe. For particles heavier than
1013 − 1014 GeV this is very restrictive condi-
tion. Even dimension-5 gravitational interaction
makes the lifetime of such massive particles very
short. A particle must be protected from this
fast decay by some symmetry which is broken ex-
tremely weakly, for example by instanton effects
[16] or worm hole effects [14].
Production of both relic SH particles and TD
naturally occurs in the end of inflation. Decays
of inflatons most probably start in the regime of
broad parametric resonance [17]. It is accompa-
nied by massive production of particles not in
thermal equilibrium. At this stage (”preheat-
ing”) TD can be born due to phase transitions.
SH particles are produced in the varying gravita-
tional field of the oscillating inflaton and can have
now critical or subcritical density. In the end of
preheating phase the thermalization of produced
particles occurs, and the Universe enters the stage
of reheating, when the temperature is expected to
be large, Tr ∼
√
ΓMp, where Mp is the Planck
mass and Γ is the width of the inflaton decay
in the regime of the broad parametric resonance.
Due to large Γ the reheating temperature is ex-
pected to be as high as Tr ∼ 10
11 − 1012 GeV or
even higher. The superheavy relic particles can
be born also at the reheating phase.
Spectrum of UHE particles produced at the de-
cays of a relic SH particles or of heavy X parti-
cles to which TD decompose, is basically the en-
ergy spectrum of QCD cascade. This spectrum,
in contrast to the case of accelerated particles,
is essentially non-powerlaw. It has the Gaus-
sian peak, the maximum of which determines the
multiplicity [18]. For the large masses at inter-
est the supesymmetric effects become important;
they considerably change the QCD spectrum [19].
The generic feature of decays of SH particles is
the dominance of pion production over baryon
production. It results in the dominance of UHE
photons over nucleons at production, roughly as
γ/N ∼ 10.
Observational signature of TD is the presence
of UHE photons in the primary radiation. At
some energies this effect is suppressed by strong
absorption on radio background [20]. For the dis-
cussion and references see [15]. The GZK cutoff
is present, but it is weaker than in case of accel-
erator sources, due to the shape of QCD energy
spectrum if the space distribution of the sources
is the same (e.g. for necklaces).
In case of relic SH particles and monopolonia
(both of them are concentrated in the halo) the
signature is dominance at observation of UHE
photons over nucleons. Another signature is
anisotropy caused by asymmetric position of the
sun in the halo.
2. Topological Defects
The following TD have been discussed as po-
tential sources of UHE particles: superconducting
strings [21], ordinary strings [22], including the
cusp radiation [23], networks of monopoles con-
nected by strings [24], necklaces [25], magnetic
monopoles, or more precisely bound monopole-
antimonopole pairs (monopolonium [26,27]), and
vortons. Monopolonia and vortons are clustering
in the Galactic halo, and UHECR production is
thus similar to the case of relic SH particles con-
sidered in the next section.
(i) Superconducting strings
As was first noted by Witten[28], in a wide class
of elementary particle models, strings behave like
superconducting wires. Moving through cosmic
magnetic fields, such strings develop electric cur-
rents. Superconducting strings produce X par-
ticles when the electric current in the strings
reaches the critical value. In some scenarios,
e.g. [29] where the current is induced by primor-
dial magnetic field, the critical current produces
strong magnetic field, in which all high energy
particles degrade catastrophically in energy [30].
However, for ac currents there are portions of the
string with large electric charge and small cur-
rent. High energy particles can escape from there.
3Large ac currents can be induced in string loops
as they oscillate in galactic or extragalactic mag-
netic fields. Even if the string current is typically
well below critical, super-critical currents can be
reached in the vicinity of cusps, where the string
shrinks by a large factor and density of charge
carriers is greatly enhanced. In this case, X par-
ticles are emitted with large Lorentz factors.
Loops can also acquire dc currents at the time
of formation, when they are chopped off the in-
finite strings. As the loops lose their energy by
gravitational radiation, they shrink, the dc cur-
rents grow, and eventually become overcritical.
There could be a variety of astrophysical mech-
anisms for excitation of the electric current in
superconducting strings, but for all mechanisms
considered so far the flux of UHE particles is
smaller than the observed flux [31]. However, the
number of possibilities to be explored here is very
large, and more work is needed to reach a defini-
tive conclusion.
(ii) Ordinary strings
There are several mechanisms by which ordinary
strings can produce UHE particles.
For a special choice of initial conditions, an or-
dinary loop can collapse to a double line, releas-
ing its total energy in the form of X-particles[22].
However, the probability of this mode of collapse
is extremely small, and its contribution to the
overall flux of UHE particles is negligible.
String loops can also produce X-particles when
they self-intersect (e.g. [32]). Each intersection,
however, gives only a few particles, and the cor-
responding flux is very small [33].
Superheavy particles with large Lorentz fac-
tors can be produced in the annihilation of cusps,
when the two cusp segments overlap [23]. The en-
ergy released in a single cusp event can be quite
large, but again, the resulting flux of UHE parti-
cles is too small to account for the observations
[34,33].
It has been recently argued [35] that long
strings lose most of their energy not by produc-
tion of closed loops, as it is generally believed,
but by direct emission of heavy X-particles. If
correct, this claim will change dramatically the
standard picture of string evolution. It has been
also suggested that the decay products of parti-
cles produced in this way can explain the observed
flux of UHECR [35,36]. However, as it is argued
in ref [15], numerical simulations described in [35]
allow an alternative interpretation not connected
with UHE particle production.
But even if the conclusions of [35] were correct,
the particle production mechanism suggested in
that paper cannot explain the observed flux of
UHE particles. If particles are emitted directly
from long strings, then the distance between UHE
particle sources D is of the order of the Hubble
distance H−1
0
, D ∼ H−1
0
≫ Rp, where Rp is the
proton attenuation length in the microwave back-
ground radiation. In this case UHECR flux has
an exponential cutoff at energy E ∼ 3 ·1010 GeV .
In the case of accidental proximity of a string
to the observer, the flux is strongly anisotropic.
A fine-tuning in the position of the observer is
needed to reconcile both requirements.
(iii)Network of monopoles connected by strings.
The sequence of phase transitions
G→ H × U(1)→ H × ZN (1)
results in the formation of monopole-string net-
works in which each monopole is attached to N
strings. Most of the monopoles and most of
the strings belong to one infinite network. The
evolution of networks is expected to be scale-
invariant with a characteristic distance between
monopoles d = κt, where t is the age of Universe
and κ = const. The production of UHE parti-
cles are considered in [24]. Each string attached
to a monopole pulls it with a force equal to the
string tension, µ ∼ η2s , where ηs is the symmetry
breaking vev of strings. Then monopoles have a
typical acceleration a ∼ µ/m, energy E ∼ µd and
Lorentz factor Γm ∼ µd/m, where m is the mass
of the monopole. Monopole moving with accel-
eration can, in principle, radiate gauge quanta,
such as photons, gluons and weak gauge bosons,
if the mass of gauge quantum (or the virtual-
ity Q2 in the case of gluon) is smaller than the
monopole acceleration. The typical energy of ra-
diated quanta in this case is ǫ ∼ ΓMa. This en-
ergy can be much higher than what is observed
in UHECR. However, the produced flux (see [15])
is much smaller than the observed one.
(iv)Vortons.
4Vortons are charge and current carrying loops of
superconducting string stabilized by their angu-
lar momentum [37]. Although classically stable,
vortons decay by gradually losing charge carriers
through quantum tunneling. Their lifetime, how-
ever, can be greater than the present age of the
universe, in which case the escaping X-particles
will produce a flux of cosmic rays. The X-particle
mass is set by the symmetry breaking scale ηX of
string superconductivity.
The number density of vortons formed in the
early universe is rather uncertain. According to
the analysis in Ref.[38], vortons are overproduced
in models with ηX > 10
9GeV , so all such mod-
els have to be ruled out. In that case, vortons
cannot contribute to the flux of UHECR. How-
ever, an alternative analysis [39] suggests that
the excluded range is 109GeV < ηX < 10
12GeV ,
while for ηX ≫ 10
12GeV vorton formation is
strongly suppressed. This allows a window for po-
tentially interesting vorton densities with2 ηX ∼
1012 − 1013GeV .
Like monopolonia and SH relic particles, vor-
tons are clustering in the Galactic halo and
UHECR production and spectra are similar in
these three cases.
(iv)Necklaces.
Necklaces are hybrid TD corresponding to the
case N = 2 in Eq.(1), i.e. to the case when each
monopole is attached to two strings. This system
resembles “ordinary” cosmic strings, except the
strings look like necklaces with monopoles play-
ing the role of beads. The evolution of necklaces
depends strongly on the parameter
r = m/µd, (2)
where d is the average separation between
monopoles and antimonopoles along the strings.
As it is argued in Ref. [25], necklaces might evolve
to configurations with r ≫ 1, though numeri-
cal simulations are needed to confirm this con-
clusion. Monopoles and antimonopoles trapped
in the necklaces inevitably annihilate in the end,
2These numbers assume that strings are formed in a first-
order phase transition and that ηX is comparable to the
string symmetry breaking scale ηs. For a second-order
phase transition, the forbidden range widens and the al-
lowed window moves towards higher energies [39].
producing first the heavy Higgs and gauge bosons
(X-particles) and then hadrons. The rate of X-
particle production can be estimated as [25]
n˙X ∼
r2µ
t3mX
. (3)
Restriction due to e-m cascade radiation de-
mands the cascade energy density ωcas ≤ 2 ·
10−6 eV/cm3. The cascade energy density pro-
duced by necklaces can be calculated as
ωcas =
1
2
fpir
2µ
∫ t0
0
dt
t3
1
(1 + z)4
=
3
4
fpir
2
µ
t2
0
, (4)
where fpi ≈ 0.5 is a fraction of total energy re-
lease transferred to the cascade. The separation
between necklaces is given by [25] D ∼ r−1/2t0
for large r. Since r2µ is limited by cascade radi-
ation, Eq.(4), one can obtain a lower limit on the
separation D between necklaces as
D ∼
(
3fpiµ
4t2
0
ωcas
)1/4
t0 > 10(µ/10
6 GeV 2)1/4 kpc, (5)
Thus, necklaces can give a realistic example of
the case when separation between sources is small
and the Universe can be assumed uniformly filled
by the sources.
The fluxes of UHE protons and photons are
shown in Fig.1 according to calculations of
Ref.[15]. Due to absorption of UHE photons
the proton-induced EAS from necklaces strongly
dominate over those induced by photons at all en-
ergies except E > 3 · 1011 GeV (see Fig.1), where
photon-induced showers can comprise an appre-
ciable fraction of the total rate. The dashed,
dotted and solid lines in Fig.1 correspond to
the masses of X-particles 1014 GeV, 1015 GeV
and 1016 GeV , respectively. The values of r2µ
used to fit these curves to the data are 7.1 ·
1027 GeV 2, 6.0 · 1027 GeV 2 and 6.3 · 1027 GeV 2,
respectively. They correspond to the cascade
density ωcas equal to 1.5 · 10
−6 eV/cm3, 1.2 ·
10−6 eV/cm3 and 1.3 ·10−6 eV/cm3, respectively,
all less than the allowed cascade energy den-
sity for which we adopt the conservative value
ωcas = 2 · 10
−6 eV/cm3.
For energy lower than 1·1010 GeV , the presence
of another component with a cutoff at E ∼ 1 ·
51010 GeV is assumed. It can be generated, for
example, by jets from AGN [40], which naturally
have a cutoff at this energy.
Figure 1. Proton and gamma-ray fluxes from
necklaces. High (γ-high) and low (γ-low) photon
fluxes correspond to two extreme cases of gamma-
ray absorption. The fluxes are given for mX =
1 · 1014 GeV (dashed lines), mX = 1 · 10
15 GeV
(dotted lines) andmX = 1·10
16 GeV (solid lines).
3. Relic Superheavy Particles
Production of relic SH particles occurs in time
varying gravitational field of oscillating inflaton
[41,42]. SH particle must be lighter than infla-
ton, otherwise the relic density of SH particles is
exponentially suppressed. Since inflaton has to
be lighter than 1013 GeV to produce the required
spectrum of primordial density fluctuations, this
scale gives the upper limit to the mass of SH relic
particle. In this scenario SH particles can provide
the critical density of the Universe.
Several other plausible mechanisms were iden-
tified in [14], including thermal production at the
reheating stage, production through the decay of
inflaton field at the end of the preheating phase
and through the decay of hybrid topological de-
fects, such as monopoles connected by strings or
walls bounded by strings.
We shall start our short description with the
non-equilibrium thermal production.
For the thermal production, temperatures com-
parable to mX are needed. In the case of a heavy
decaying gravitino, the reheating temperature TR
(which is the highest temperature relevant for the
considered problem) is severely limited to value
below 108−1010 GeV, depending on the gravitino
mass (see Ref. [43] and references therein). On
the other hand, in models with dynamically bro-
ken supersymmetry, the lightest supersymmetric
particle is the gravitino. Gravitinos with mass
m3/2 ≤ 1 keV interact relatively strongly with the
thermal bath, thus decoupling relatively late, and
it can be the CDM particle [44]. In this scenario
all phenomenological constraints on TR (includ-
ing the decay of the second lightest supersym-
metric particle) disappear and one can assume
TR ∼ 10
11 − 1012 GeV. In this range of tempera-
tures, SH particles are not in thermal equilibrium.
If TR < mX , the density nX of X-particles pro-
duced during the reheating phase at time tR due
to a+ a¯→ X + X¯ is easily estimated as
nX(tR) ∼ Nan
2
aσXtR exp(−2mX/TR), (6)
where Na is the number of flavors which par-
ticipate in the production of X-particles, na is
the density of a-particles and σX is the produc-
tion cross-section. The density of X-particles
at the present epoch can be found by the stan-
dard procedure of calculating the ratio nX/s,
where s is the entropy density. Then for mX =
1 · 1013 GeV and ξX in the wide range of values
10−8 − 10−4, the required reheating temperature
is TR ∼ 3 · 10
11 GeV.
In the second scenario mentioned above, non-
equilibrium inflaton decay, X-particles are usu-
ally overproduced and a second period of inflation
is needed to suppress their density.
Finally, X-particles could be produced by TD
such as strings or textures. Particle produc-
tion occurs at string intersections or in collaps-
ing texture knots. The evolution of defects is
scale invariant, and roughly a constant number
of particles ν is produced per horizon volume
t3 per Hubble time t. (ν ∼ 1 for textures and
ν ≫ 1 for strings.) The main contribution to
to the X-particle density is given by the earli-
est epoch, soon after defect formation, and we
find ξX ∼ 10
−6ν(mX/10
13 GeV )(Tf/10
10 GeV )3,
6where Tf is the defect formation temperature.
Defects of energy scale η ≥ mX could be formed
at a phase transition at or slightly before the end
of inflation. In the former case, Tf ∼ TR , while
in the latter case defects should be considered as
”formed” when their typical separation becomes
smaller than t (hence Tf < TR).
X-particles can also be produced by hybrid
topological defects: monopoles connected by
strings or walls bound by strings. The required
values of nX/s can be obtained for a wide range
of defect parameters.
Lifetime of SH particle has to be larger (or
much larger) than age of the Universe. Even grav-
itational interactions, if unsuppressed, make the
lifetime of X-particle with mass mX ∼ 10
13 −
1014 GeV much shorter. Some (weakly broken)
symmetry is needed to protect X-particle from
the fast decay. Such symmetries indeed exist, e.g.
discrete gauge symmetries. If such symmetry is
very weakly broken by e.g. wormhole effects [14]
or decay is caused by instanton effects [16], X-
particle can have the desired lifetime. The de-
tailed analysis of the gauge discrete symmetries
was recently performed in [45]. There were found
the cases when allowed non-renormalizable oper-
ators for a decay of X-particle are suppressed by
high power of the Planck mass. In this case the
lifetime of X-particle can be larger than the age
of the Universe.
The realistic example of long-lived SH particle,
the crypton, is given in [46]. Like in the case
above, decay of crypton is suppressed by high
power of the Planck mass.
Energy spectrum of decaying particles from DM
halo has no GZK cutoff [14] and photons domi-
nate in the flux. The energy spectrum was calcu-
lated using QCD Monte Carlo simulation ”Her-
wig” [47] and as limiting QCD spectrum with su-
persymmetric particles taken into account [48].
The spectrum, as calculated in [15], is shown in
Fig.2.
4. Signatures
In contrast to acceleration astrophysical
sources, TD production spectrum is enhanced by
UHE photons. Though UHE photons are ab-
Figure 2. Predicted fluxes from relic SH parti-
cles (mX = 1 · 10
14 GeV ) or from monopolo-
nia producing X-particles with the same masses:
nucleons from the halo (curves labelled as ”pro-
tons”), gamma-rays from halo (curves labelled
”gammas”) and extragalactic protons. The solid,
dotted and dashed curves correspond do different
models of DM distribution in the halo.
sorbed stronger than UHE protons (antiprotons),
the photons can dominate at some energies or at
least γ/p ratio in case of TD is much larger than
in case of acceleration sources [49,15]. This signa-
ture can be discussed quantitatively for necklaces,
probably the only extragalactic TD which satisfy
the observational constraints. At large value of
r = m/µd > 107 necklaces have a small separa-
tion D < Rγ , where Rγ is an absorption length
for UHE photons. They are characterized by a
small fraction of photon-induced EAS at ener-
gies 1010 − 1011 GeV . However, this fraction in-
creases with energy and becomes considerable at
the highest energies.
Relic SH particles, as well as monopolonia and
vortons, have the enhanced density in the Galac-
tic halo. The signature of this relics is absence
of the GZK cutoff, dominance of UHE gamma
radiation at observation and anisotropy due to
non-central position of the Sun in the DM halo.
Anisotropy is the strongest signature of the DM
halo model. It is most noticeable as the dif-
ference in fluxes between directions to Galactic
Center and Anticenter. Since Galactic Center is
7not observed by any of existing now detectors,
anisotropy for them is less pronounced, but can
be detected if the halo component becomes dom-
inant at E ∼ (1 − 3) · 1019 eV . In case the halo
component is responsible only for the events at
E ≥ 1 · 1020 eV as recent AGASA data suggest,
statistics is too small for the predicted anisotropy
and this problem will be left for the Auger detec-
tor in the southern hemisphere [50].
UHE photons as primaries can be also tested
by the existing detectors . The search for photon
induced showers is not an easy experimental task.
It is known (see e.g. Ref.[51]) that the muon con-
tent of the photon-induced showers at very high
energies is very similar to that in proton-induced
showers. However, some difference in the muon
content between these two cases is expected and
may be used to distinguish between them obser-
vationally.
Fly’s Eye detector is the most effective one in
distinguishing between the photon and proton in-
duced showers. This detector is able to recon-
struct the development of the shower in the at-
mosphere [2,52], which is different for photon and
proton induced showers. The analysis [53] of the
highest energy shower E ∼ 3 · 1020 eV detected
by Fly’s Eye detector disfavors its photon produc-
tion. The future HiRes detector [54] will reliably
distinguish the photon and proton induced show-
ers .
The Landau-Pomeranchuk-Migdal (LPM) ef-
fect [55] and the absorption of photons in the
geomagnetic field are two other important phe-
nomena which affect the detection of UHE pho-
tons [51,56]; (see [57] for a recent discussion). The
LPM effect reduces the cross-sections of electro-
magnetic interactions at very high energies. How-
ever, if a primary photon approaches the Earth in
a direction characterized by a large perpendicular
component of the geomagnetic field, the photon
likely decays into electron and positron [51,56].
Each of them emits a synchrotron photon, and
as a result a bunch of photons strikes the Earth
atmosphere. The LPM effect, which strongly de-
pends on energy, is thus suppressed. If, on the
other hand, a photon moves along the magnetic
field, it does not decay, and LPM effect makes
shower development in the atmosphere very slow.
At extremely high energies the maximum of the
showers can be so close to the Earth surface that
it becomes ”unobservable” [57].
5. Conclusions
Topological Defects and relic quasistable SH
particles are effectively produced in the post-
inflationary Universe and can produce now UHE
particles (photons and (anti)nucleons) with ener-
gies higher than observed now in UHECR.
The fluxes from most known TD are too small
to explain the observations. The plausible can-
didates are necklaces and monopolonia (the lat-
ter by observational properties are similar to relic
SH particles). The fluxes from extragalactic TD
are restricted by e-m cascade radiation. The en-
ergy spectrum of UHE (anti)protons from TD
have less pronounced GZK cutoff than from ac-
celeration sources, because of the QCD produc-
tion spectrum, which is much different from the
power-law energy spectrum. The signature of ex-
tragalactic TD is presence of UHE photons in the
primary radiation. Absorption of UHE photons
on radiobackground considerably diminishes the
fraction of photon induced showers at observa-
tion.
Relic SH particles (and monopolonia) are con-
centrated in the Galactic halo and their energy
spectrum does not exhibit the GZK cutoff. UHE
photon flux is ∼ 10 times higher than that of
protons. Detectable anisotropy is expected, es-
pecially the difference of fluxes between Galactic
Center and Anticenter.
Therefore, both sources, TD and relic SH
particles, have very distinct experimental predic-
tions, which can be tested with help of present
detectors, but most reliably - with the future de-
tectors, such as the Auger detector in the south
hemisphere [50] and HiRes[54].
This paper is based on the talk given at 10th
Int. Symposium on Very High Energy Cosmic
Ray Interaction, July 12-17,1998. The new pub-
lications which appeared since that time is not
included in this review. Most important of them
is the new data of the AGASA detector at ener-
8gies higher than 1 · 1020 eV . As shown in Fig.2
[58] they can be interpreted as existence of two
components of UHECR, one with the GZK cutoff
and another - without it and extending to ener-
gies (2 − 3) · 1020 eV . In this case the DM halo
component (relic SH particles) have to be respon-
sible only for E > 1·1020 eV part of the spectrum.
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